INTRODUCTION
Lately, it has become evident that several influenza virus strains both of different serotypes, and antigenic varieties of the same ones, can circulate simultaneously during an influenza epidemic in a limited region (Kendal et al., 1978 (Kendal et al., , 1979 . Simultaneous circulation of different influenza virus serotypes in a human population can result in the appearance of recombinants (Bean et al., 1980) . Besides, there is evidence that epidemic influenza virus strains of the same serotype isolated at different times can differ not only in the genes coding for virus envelope proteins but also in those which code for the internal virion proteins (Hay et al., 1977a; Young et al., 1979) .
The present study was aimed at investigating the genome composition of influenza virus strains isolated during the influenza epidemic of 1979-80 in the U.S.S.R. and G.D.R. The data obtained show that during one influenza epidemic occurring in the same region, influenza viruses of different serotypes and varieties of the same serotype can circulate simultaneously, the latter differing not only in the antigenic specificity of the haemagglutinin, but also in other genes coding for internal virion proteins. (October and December, 1979; 1366/79 and 1662/79 respectively) , at the peak of epidemic (January, 1980; 2146/80) and at the end of epidemic (February, 1980; 28/80 and 29/80) ; these strains were kindly supplied by Dr M. Schwarzman. (ii) A/Moscow/l192/79 (H3N2) (1192/79) and A/Moscow/1849/79 (H3N2) (1849/79) strains, isolated simultaneously in December, 1979 during the influenza outbreak in one community, as well as A/Moscow/1472/79 (H3N2) (1472/79) and A/Moscow/1475/79 strains (H1N1) (1475/79)isolated simultaneously in December, 1979 during the influenza outbreak in the other community; these four strains were kindly supplied by Dr E. Neelina. (iii) A/Riga/I/79, A/Riga/2/79, A/Riga/5/79 and A/Riga/6/80 (H3N2) strains isolated from influenza patients in Riga in December, 1979 to January, 1980 All influenza viruses obtained during the 1979-1980 epidemic were isolated in fertile hens' eggs and had not had more than 2 to 3 egg passages. A/USSR/90/77 (H1N1), A/Brasilia/ll/78 (H1N1), A/Bangkok/I/79 (H3N2), A/Texas/I/77 (H3N2), A/ Khabarovsk/15/76 (H3N2) and A/Moscow/406/76 (H3N2) strains were used as standards. The A/Moscow/406/76 strain is similar to A/Victoria/I/75 virus (H3N2) in the antigenic specificity of the haemagglutinin. The viruses were grown in chick embryos. Virus-specific protein and virus RNA analysis was performed using primary chick embryo fibroblast culture (CEF).
Antigenic specificity of the haemagglutinin. The antigenic specificity of the haemagglutinin was studied by the haemagglutination inhibition (HI) test using the method recommended by the World Health Organization Bulletin (1974) . The antisera were obtained from white rats immunized three times with the native virus grown in fertile hens' eggs. The antisera were kindly supplied by Dr I. Akopova of our Institute.
Analysis of virus-specific proteins. CEF monolayer cultures (2 × 105 cells) were infected with the virus at a multiplicity of 100 EIDs0/cell and left for 30 min for adsorption. Methionine-free medium 199 was then added and the cultures were incubated at 36 °C for 4 h. Then [35S]methionine (20 ~Ci, sp. act. 750 Ci/mmol; The Radiochemical Centre, Amersham) was added and incubation continued for a further 15 rain. The cell monlayer was removed with solubilizing solution containing 5 M-urea, 1% SDS and 0.1% flmercaptoethanol, boiled for 3 min and analysed by electrophoresis in either 25 % or 15 % polyacrylamide gels containing urea, using the buffer system described by Laemmli (1970) . The autoradiography was carried out according to Russell & Skehel (1972) .
Analysis of double-stranded RNA. The analysis of double-stranded RNA was carried out according to Hay et al. (1977 b) as described earlier (Ghendon et al., 1979) . CEF cell cultures (5 × 106 cells) were incubated for 30 min at 36 °C in the presence of cycloheximide (100 pg/ml). The medium was then removed and the cells were infected with the virus (100 EIDs0/cell) and left for adsorption in the presence of cycloheximide (100 pg/ml) for 30 min at room temperature. Medium 199 containing cycloheximide (100 pg/ml) was then added and the cells were incubated for 1 h at 36 °C.
[3H]uridine (sp. act. 24.5 Ci/mmol; Isotop, U.S.S.R.) was then added and incubation continued for a further 3.5 h. The complementary RNA (cRNA) isolation was done according to Hay et al. (1977 b) . The cRNA samples were hybridized according to Ito & Joklik (1972) with an excess ofunlabelled virion RNA (vRNA) (15 pg/sample) isolated from concentrated and purified virions. This material was further treated with S1 nuclease (1000 units/ml) at 37 °C for 4 h, precipitated with ethanol and studied by electrophoresis in a 4 % polyacrylamide gel (75 V, 17 h). In some tests, for better resolution of genes which code for polymerase complex proteins, the electrophoresis was done at 80 V for 20 h. The gels obtained were treated for fluorography according to Bonner & Laskey (1970. 
RESULTS

Antigenic specificity of the haemagglutinin and growth infertile hens' eggs at high temperature
According to the HI test, among the influenza virus strains under study isolated during the epidemic of 1979-1980, two strains (1366/79 and 1475/79) appeared to possess haemagglutinin HI while all other strains had H3 haemagglutinin (not shown).
The H3N2 influenza virus strains isolated during the epidemic of 1979-1980 in the U.S.S.R. and G.D.R. were tested more thoroughly in HI tests with antisera to standard strains of this virus serotype and to some newly isolated strains.
The data presented in Table 1 
Analysis of virus-specific proteins
The results presented in Fig. 1 (a to e) show that the H3N2 influenza virus strains isolated in one of the Moscow regions at the onset (1662/79), in the middle (2146/80) and at the end (28/80) of the 1979-1980 epidemic were completely identical in the electrophoretic mobility of virus-specific proteins (Fig. 1 a) . These strains differed in the mobility of NP and NS proteins from all other H3N2 influenza virus strains (Fig. 1 a, b) . HA protein mobility of these strains was close to that of A/Moscow/406/76, but differed from HA protein mobility of other viruses ( Fig. 1 e) ; their M protein was similar to those of A/Texas/I/77 and 1849/79 strains ( Fig. 1 a, b) . (We failed to differentiate P proteins under these conditions of electrophoresis.) The 1849/79 strain was similar to A/Texas/I/77 in the mobility of all the proteins but differed from other strains; only the M protein proved to be similar to that of the 1662/79, 2146/80 and 28/80 strains ( Fig. 1 a, b) . The 1472/79 strain was similar to A/Bangkok/I/79 in the electrophoretic mobility of the M and NS proteins but differed from other viruses studied (Fig. 1 b) .
Among the viruses isolated in the G.D.R. (Fig. 1 d) Gr/9/80 and Gr/10/80 strains were similar in the electrophoretic mobility of the HA, NP, M and NS proteins to A/Bangkok/I/79 virus but differed from A/Texas/I/77.
The comparative electrophoretic mobility analysis of H3N2 and H1N1 influenza viruses simultaneously isolated in Moscow (December, 1979) mobility of all the proteins [P1, P2, P3, HA, NP (Fig. 2 a) , M and NS (Fig. 2/5) ]. It should be noted that for the 1366/79 (HI N 1) strain isolated in Moscow in October, 1979 the mobility of all the proteins differed from that of the strain of the same serotype isolated in the U.S.S.R. (in Khabarovsk) in 1977 (A/USSR/90/77) (Fig. 2) .
Genome analysis
For virus genome analysis, labelled cRNA of various influenza virus strains was hybridized with the vRNA of a certain strain and the hybrid double-stranded RNA molecules were 160  40  80  160  640  2560  160  160  2560  80  320  1280  1280  640  40  320  640  2560  320  40  160  640  2560  320  40  320  640  2560  320  640  2560  320  640  2560  640  2560  320  640  2560  1280  640  160  80  640  1280  320  < 80  40  ~rt  1280  160  < 80  <80  160  1280  160  160  40  yr  1280  320  < 80  160  Nx  1280  160  < 80  80  ~rr  1280  320  160  160  NT  1280  160  < 80  80  160  1280  160  < 80  80  160  1280 complete destruction of the corresponding complex takes place and the electrophoretic mobility of the segment either changes or its corresponding band disappears altogether. Fig. 3 , 4 and 5 show the results of typical experiments; it should be noted that not less than three independent experiments have been carried out with each virus and reproducible results obtained.
The genome analysis of H3N2 influenza virus strains isolated in Moscow during the epidemic of [1979] [1980] showed that the 1849/79 strain is similar to the A/Texas/I/77 strain in all the genes (Fig. 3 a) . The figure presents data of the electrophoretic mobility analysis of double-stranded segments obtained by hybridization of vRNA of the A/Texas/!/77 strain and cRNA of the homologous strain as well as cRNA of the 1849/79 strain. The hybridization experiments carried out with the 1849/79 strain and other tested viruses showed that the 1849/79 strain differed from them in all the genes and was identical only to the 2146/80 strain in gene 7 (not shown). Similar data have been obtained by the analysis of another H3N2 strain (1192/79) isolated in the same community (not shown).
As Fig. 3 (b) shows, the 1472/79 strain contained genes 7 and 8 similar to those of the A/Bangkok/I/79 strain but differed from this virus in all other genes. The 1472/79 strain differed from A/Moscow/406/76 (Fig. 3 c) , A/Texas/I/77 (Fig. 3 d) Genome analysis of the 2146/80 strain showed that gene 3 of this virus corresponded to that of the A/Moscow/406/76 strain (Fig. 3e, f ) and gene 7 was analogous to the corresponding gene of the A/Texas/I/77 strain (Fig. 3 e) . As to other genes (1, 2, 4, 5, 6 and 8) the strain differed from all other viruses tested (Fig. 3 e,f) including the A/Bangkok/I/79 and A/Moscow/406/76 strains. It should be noted that all strains isolated in the same region of Moscow at the onset (1662/79), in the middle (2146/80) and at the end of the epidemic (28/80, 29/80) had the identical genome composition (not shown).
Among the influenza virus strains isolated in 1980 in Greifswald (G.D.R.) and in Riga (U.S.S.R.) Gr/9/80 and Riga/6/80 isolates were similar to A/Bangkok/I/79 in all the genes and differed from the A/Texas/I/77 strain (Fig. 4a, b) . Similar data were obtained with Gr/10/80, Gr/8/80, Berlin/5/80, Potsdam/9/80, Dresden/I/80, Riga/I/79 and Riga/5/79 strains (not shown). As can be seen from the data presented in Fig. 4 (c) , Riga/2/79 isolated in Riga contained genes 1, 2, 3, 5, 6, 7 and 8 similar, or very close to, corresponding genes of A/Bangkok/I/79 virus, differing from the latter in gene 4. (In some experiments this strain differed somewhat from A/Bangkok/l/79 virus in genes 3 and 5 as well.)
A comparative analysis of the H1N1 influenza virus genome (1366/79 strain, October, 1979) isolated at the beginning of the epidemic and that of H3N2 virus that appeared and was isolated in the same region later (1662/79 strain, December, 1979) , showed that these H1N1 and H3N2 strains differed in all the genes (Fig. 5) . Similarly, the genome comparison of H1N1 and H3N2 strains isolated simultaneously in the same community (1475/79 H1N1 and 1472/79 H3N2) revealed that they differed in all the genes (not shown). The results of our experiments show that the spontaneous circulation of several H3N2 varieties differing in many genes during the epidemic of 1979-1980 is not a unique peculiarity of the Moscow epidemic. Among the strains isolated during the same period in Riga, three strains were similar to A/Bangkok/I/79, but one strain (Riga/2/79) contained seven genes similar to those of the A/Bangkok/I/79 strain, while the gene coding for HA differed from those of other strains under comparison. Kendal et al. (1978) have also observed that in the U.S.A. in 1977 two variants of H3N2 influenza virus were circulating in the same community differing in the antigenic specificity of the haemagglutinin, and both caused the disease. The authors, however, did not analyse other genes in the isolated virus variants.
It is significant that H3N2 strains isolated in Moscow in 1979-1980 and HIN1 influenza virus strains isolated in the same community both at the onset of this epidemic, before the appearance of the H3N2 serotype and during the peak of epidemic, when H3N2 strains had already appeared, did not contain identical genes. However, strains that appeared to be recombinants between H1N1 and H3N2 viruses were isolated in MOscow at that time (L. Y. Zakstelskaya, personal communication).
We should also emphasize that all varieties of influenza viruses that circulated in the U.S.S.R. in 1979-1980 were apparently the strains virulent for people because all of them were isolated from influenza patients in the epidemic loci.
Thus, the data obtained suggest that during an influenza epidemic occurring in a certain region several influenza virus varieties can circulate. They can be both of different serotypes (as was the case in the U.S. A. and other countries in 1977-1978; Kendal et al., 1979) and varieties within the same serotype, differing not only in the antigenic specificity of the haemagglutinin, but also in a number of other genes coding for internal virion proteins. Some of the varieties might, perhaps, be the recombinants of several influenza virus strains.
The mechanisms of emergence of the epidemic influenza virus strains remain obscure, as is the case for the annual appearance of new epidemic variants within one serotype. In all probability, it is not only the antigenic variability of the haemagglutinin (the so-called shift) Thus, although the majority of recombinants of human influenza viruses appear to be poorly adapted to a human population and are subsequently eliminated, recombinants can exist with such a gene constellation that will appear to be more optimal with regard to a virus.
It is possible to assume that some influenza virus epidemic strains of the same serotype may result from gene reassortment of predominant influenza virus strains.
